To investigate to what extent individual energy intakes can be predicted by rapid easily available low-cost estimation methods. Design: Data were obtained from a controlled dietary intervention study period of nine weeks in which the subjects should be weight stable. Subjects: Thirty-one male students in domestic and kitchen management aged 29 AE 6 y. Methods: (1) energy intake calculated from a quantitative food frequency questionnaire (FFQEI); (2) energy expenditure derived from estimates of basal metabolic rate (BMR) (FAOaWHOaUNU, 1985) based on weight, gender, age and low (1.556BMR), medium (1.786BMR) or high (2.106BMR) level of activity. Level of activity was determined by questions concerning habitual activities lasting more than 20 min (WHOEE); (3) energy expenditure derived from individual recording in a specially prepared activity diary (ADEE). During the intervention, the subjects were to be fed test diets which should provide them with enough energy to keep them weight stable. The energy levels were established after taking both the FFQEIs, WHOEEs and ADEEs into consideration, and 10 MJ, 13 MJ, 15 MJ and 17 MJ per day were chosen because these levels were estimated to closely match the energy requirements of most of the subjects. The levels of energy were changed during the intervention period if the weight of the subjects¯uctuated. The served level of energy at the last day of the intervention was denoted the weight maintenance energy intake (WMEI). WMEI was compared to FFQEI, WHOEE and ADEE in order to evaluate if one estimation method predicted WMEI better than the two others. Results: None of the three methods provided accurate estimates of WMEI of 13.3 AE 1.8 MJ. However, WHOEE, gave the best estimate as demonstrated by the limits of agreement: 78.7 MJ to 8.9 MJ for FFQEI, 75.4 MJ to 3.9 MJ for WHOEE and 77.2 MJ to 5.2 MJ for ADEE. The coef®cients of correlation between the differences and the means of WMEI and FFQEI, WHOEE and ADEE were 70.8 (P 0.001), 0.1 (P 0.6, NS) and 70.5 (P 0.01), respectively. The coef®cients of variation were 34.6% for FFQEI, 11.3% for WHOEE, and 21.0% for ADEE. Conclusions: Although not precise, WHOEE showed the best agreement with the WMEI. These results demonstrate that a rapid and simple low-cost method predicted WMEI closely enough to avoid major weight uctuations among these men during the intervention period.
Introduction
Weight¯uctuations are known to affect both serum lipids (Kannel et al, 1986) and hemostatic variables (Andersen et al, 1988) . A major task in the planning of controlled dietary intervention studies is therefore to predict the participants individual energy requirements in order to maintain stable body weights during the study period (Mertz et al, 1991; Sandstro Èm, 1993; de Vries et al, 1994) .
We have previously studied the effects of different test margarinsatest diets on serum lipoproteins (Almendingen et al, 1995; Halvorsen et al, 1996) and hemostatic variables in a controlled dietary intervention study. It was essential that the subjects maintained stable body weight during the nine weeks of intervention. Information about the individual energy requirement of the subjects was therefore important before onset of the study. Due to a low cost budget, this information had to be obtained by cheap, quick and easily available methods. In the present paper, we have compared the results obtained by three different methods used to estimate the individual energy requirements to the energy intake served during the last day of the study intervention period.
Subjects and methods

Subjects and experimental design
The subjects were 31 male students in domestic and kitchen management (29 AE 6 y) in good health with no history of coronary heart disease, diabetes, allergy or intolerance inconsistent with normal dietary habits. All men participated in a strictly controlled dietary intervention study described in detail elsewhere (Almendingen et al, 1995) . The protocol and the aims were fully explained to the subjects, who gave their written consent before entry into the study. Approval of the study was obtained from the Regional Ethical Committee.
The present data were obtained prior to, during and after the intervention study. During the nine week study intervention period, the subjects were fed three different controlled test diets. The subjects should maintain stable body weights during the study period. In order to make the test diets available at appropriate energy intake levels, three different methods for estimation of individual energy intake and expenditure were used. The energy content of the test diets should preferably match the energy requirements of the individuals as closely as possible. The results from all three estimation methods were therefore taken into consideration, and the test diets were made available at four different levels of energy; 10 MJ, 13 MJ, 15 MJ and 17 MJ per day. The subjects were placed into the best ®tting energy level at the ®rst day of the intervention study. The subjects with BMI ! 30 automatically received the highest level of energy, 17 MJ per day. For the others if the three different estimates were close to each other the energy level which was nearest to the mean of these three estimates was chosen. If one of the estimates was an obvious outlier, the mean of the two other estimates was calculated. If the outlier was higher than this mean, the energy level above the mean was chosen. If the outlier was lower than the mean, the energy level below this mean was chosen. Supplement of specially prepared energy buns (0.5 MJ energy per bun) was calculated to provide additional energy if the chosen energy level was slightly below the estimated energy need. The individually served level of energy was changed if the body weight was altered during the study period, either by changing to another intake level or by providing the subject with energy buns. Any change in the individual energy intake during the study period was registrated and computed. The subjects were encouraged to maintain their normal lifestyle preferences throughout the study period, and to report in a diary any deviation from their usual behaviour. Dietary compliance was monitored regularly by direct observation, interviews and selfreported written diaries. The experimentally determined weight maintenance energy intake (WMEI) was de®ned as the served energy intake during the last day of the intervention study.
Measuring body weights
The body weights were monitored twice a week before lunch (non-fasting) and at the start and end of each study period (fasting). The body weight was measured in light clothes on a digital scale (SECA), and read to the nearest 0.1 kg. Body height was measured without shoes, and read to the nearest 0.5 cm. Body Mass Index (BMI) was calculated as: BMI weight(kg)aheight(m) 2 .
Methods for estimation of individual energy requirements before onset of the intervention study
(1) Food frequency questionnaire energy intake (FFQEI). A food frequency questionnaire was used to estimate the energy intake (FFQEI). This was assessed before start of the study by a self administrated quantitative food frequency questionnaire (Nes et al, 1992; Solvoll et al, 1993) , which was mailed to the participants and ®lled in at home. Each questionnaire was checked individually during a personal interview with the men in order to eliminate errors, inconsistencies and misunderstandings. Daily intakes of foods and nutrients were computed using a food data base and software system developed at the Institute for Nutritional Research, University of Oslo. The portion sizes of different food items were converted to weight on the basis of standard portions. The questionnaire has previously been shown to rank individuals according to their intake of energy and most nutrients in elderly women (Nes et al, 1992) and dermatological patients (Solvoll et al, 1993) .
(2) WHO energy expenditure (WHOEE). Before estimation of the WHO energy expenditure (WHOEE), the subjects were categorised into low, moderate or high level of activity after being asked questions about frequency and intensity of habitual physical activities. The questions were the following: (1) How often do you exercise for at least 20 min (walking, bicycling, jogging, swimming etc.)? Alternatives: (a) never, (b) less than once per week, (c) once per week, (d) 2±3 times per week, (e) daily; (2) How hard do you exercise? Alternatives: (a) moderately without getting out of breath or starting to sweat, (b) vigorously enough to get out of breath and starting to sweat. On the basis of the answers we categorised the subjects into three different groups of physical activity: low activity: never exercise, doing exercise moderately or doing exercise vigorously less than once per week; Moderate activity: doing exercise vigorously 1±3 times per week; High activity: doing exercise vigorously daily.
Estimates of the basal metabolic rate (BMR) were calculated from standard formulas based on weight, gender and age (FAOaWHOaUNU, 1985) . Estimates of the total daily energy expenditure were made by multiplying the given level of activity with the individual estimates of BMR: 1.556BMR for sedentary men, 1.786BMR for moderately active men, and 2.106BMR for highly active men (FAOaWHOaUNU, 1985) .
(3) Activity diary energy expenditure (ADEE). In order to obtain individual information about the energy expended in various activities, the subjects were asked to ®ll out the time frame (b30 min) for different habitually performed activities during a normal day andaor week in a specially prepared activity diary which were ®lled in at home (ADEE). Each diary was checked individually with the men. Eleven typical examples of light, moderate and heavy activities were listed in addition to six open lines in which other types of activities could be registrated. The listed activity categories used, and their average energy costs, were as follows: Asleep: 1.06BMR; Low activity: sitting still: 1.26BMR, standing quietly: 2.06BMR; Moderate activity: walking: 2.86BMR, quiet exercise: 3.06BMR, slow bicycling: 4.06BMR, lightamoderate manual work: 4.06BMR; High activity: quick bicycling: 7.06BMR, heavy manual work: 7.06BMR, jogging: 8.06BMR, ballplay: 8.06BMR, aerobics: 8.06BMR. The energy costs for each activity were derived from the report from FAOaWHOaUNU (1985) and Warwick (1989) . From the diary we estimated the energy expended in the different physical activities by multiplying the total time spent engaged in each type of activity by the energy cost of the activity.
Statistical analysis
The results are presented as average values AE standard deviation. The differences are tested by a student t-test (paired data) or by Mann-Whitney U-test (unpaired data). Agreement between the WMEI and each of the three methods (FFQEI, WHOEE or ADEE) was assessed with the method suggested by Bland & Altman (1986) . This method requires a pair-wise comparison showing the mean difference and the limits of agreement (mean difference AE 2 s.d. of the difference) between the test (estimates obtained by FFQEI, WHOEE, or ADEE) and the reference values (WMEI) by plotting the differences between WMEI and the respective estimation methods against the mean. This type of plot shows the magnitude of the disagreement, spot outlier and any trend, for instance an increase in differences for higher values. We also compared the methods by computing the Pearson product-moment correlation coef®-cient (r). The coef®cient of variation (CV) was calculated as the standard deviation divided by the mean, and multiplied by 100 to give a percentage. Values were considered signi®cant at P 0.05. Data analysis was performed using the statistical package Minitab Reference Manual Release 8.1, Minitab Inch., Pennsylvania, USA, 1989.
Results
The estimates of FFQEI, WHOEE and ADEE The FFQEI was estimated to 13.3 AE 4.6 MJ per day. The WHOEE was estimated to 14.1 AE 1.6 MJ and the ADEE to 14.3 AE 3.0 MJ per day. The levels of energy intake or energy expenditure obtained from the three different methods did not differ signi®cantly from each other. The coef®cients of variation was 34.6% for FFQEI, 11.3% for WHOEE, and 21.0% for ADEE.
The average BMI was 25.9 AE 3.1 kgam 2 . The overweight men with BMI ! 25 (61% of the study group), did not differ signi®cantly from the others with respect to energy intake or energy expenditures.
The subjects were initially classi®ed as having light, moderate or high level of activity after being asked questions about their physical activity (used for calculation of WHOEE). It was 42% who had a low activity level, 48% had a moderate activity level and 10% who had a high activity level. We separated the subjects with low, moderate and high level of activity into three different activity groups and found that the moderately active had signi®cantly higher levels (P`0.01) of ADEE, 15.6 AE 2.7 MJ, than those who were classi®ed as having low physical activity, 12.6 AE 2.5 MJ (ADEE). The individuals classi®ed as highly active had a level of self-reported energy expenditure (ADEE) corresponding to 16.9 AE 0.6 MJ (the number of men (n 3) was too small for statistical comparisons). Although a rough estimate, we can conclude that our procedure for ranking the subjects into three different physical activity groups, was in accordance with the results obtained from their individually recorded activity diaries (ADEE).
Weight maintenance energy intake
At the start of the study, the average served level of energy was 14.3 AE 1.8 MJ per day. The contribution of energy from the energy buns was on average 0.3 AE 0.3 MJ per day (this energy contribution is included in WMEI). Ten men did not eat energy buns during the study period. Fourteen men (45%) changed their energy intake level to a lower level during the study period, and three men (10%) received a higher level of energy. Energy adjustments were achieved in most cases within the two ®rst weeks. During the study period, the served level of energy was signi®cantly reduced (P ! 0.01) to an average WMEI of 13.3 AE 1.8 MJ per day. The body weights were nonsigni®-cantly reduced with 0.5 AE 0.3 kg.
WMEI was not signi®cantly different from FFQEI, nor from WHOEE or from ADEE. The Pearson coef®cients of correlation between WMEI and the three different estimates, were all low and non signi®cant; 0.3, 0.1 and 0.2, respectively.
The individual differences between WMEI and the FFQEI, WHOEE, and ADEE compared to their mean, is shown as Bland & Altman plots in Figures 1 to 3 . Although the mean difference from WMEI seemed smaller for FFQEI (0.1 AE 4.4 MJ, P 0.94) than for WHOEE (70.8 AE 2.3 MJ, P 0.08) and ADEE (71.0 AE 3.1 MJ, P 0.08), the plots show that the 95% con®dence limits of agreement were larger. The limits of agreement is indicated by separate lines on the plots and are as follows: 78.7 MJ to 8.9 MJ for FFQEI (Figure 1 ), 75.4 MJ to 3.9 MJ for WHOEE (Figure 2) , and 77.2 MJ to 5.2 MJ for ADEE (Figure 3 ). The coef®cients of correlation between the differences and the means of WMEI and FFQEI, WHOEE and ADEE: 70.8 (P 0.001), 0.1 (P 0.6, NS) and 70.5 (P 0.001), respectively. Figure 1 The individual difference between the weight maintenance energy intake (WMEI) and the food frequency questionnaire energy intake (FFQEI) against their mean (n 31). The limits of agreement are indicated by separate lines on the plot (mean AE 2 s.d.). Figure 2 The individual difference between the weight maintenance energy intake (WMEI) and the WHO energy expenditure (WHOEE) derived as multiples of predicted basal metabolic rate (BMR) (FAOa WHOaUNO, 1985) at low (BMR61.55), moderate (BMR61.78) or high (BMR62.10) activity level against their mean (n 31). The limits of agreement are indicated by separate lines on the plot (mean AE 2 s.d.).
Simple methods to predict individual energy intakes K Almendingen et al
The BMR-factor (FAOaWHOaUNU, 1985) , namely the multiples of predicted BMR, calculated from FFQEI was on average 1.62 AE 0.55. Six men (19%) had a BMR-factor 1.14, which indicates dietary underreporting (Goldberg et al, 1991) . BMI was signi®cantly higher among these six men (29.2 AE 3.1 kgam 2 ) compared to the others (25.1 AE 2.6 kgam 2 ), P 0.01. The levels of energy expenditure (both WHOEE and ADEE) did not differ among those who underestimated their energy intake (BMR-factor 1.14) compared to the others. The ratio between the WMEI and the estimated BMR (1.63 AE 0.24) did not differ from the ratio between FFQEI and the estimated BMR, P 0.95. Only one man had BMR-factor`1.14 when using the WMEI in the formula. Inspection of his written diary revealed that he had consumed alcohol and snacks during the study period.
Dietary compliance during the study period
Compliance with the test diets, as judged by direct observations, interviews and by examinations of the written diaries, was considered to be good. The diaries revealed that the men continued their habitual level of physical activities throughout the study period. Occasional consumption of alcohol and also some other deviations from the test diets could not be ruled out for certainty. As the changes in body weight and triglycerides were small and nonsigni®cant (Almendingen et al, 1995) , the overall dietary compliance among these men was considered to be good. Chemical analyses of the duplicate portions showed that the served diets contained the amounts of energy as planned.
Discussion
There are several different ways to estimate individual energy requirements, but often the costs of the methods are a limiting factor (Bouchard et al, 1983; Black et al, 1993) . In the present study, the methods used were all affordable on a low cost budget. In addition, they loaded the subjects minimally which was important since any drop outs from the primary intervention study was to be avoided.
The present estimations could also be made almost immediately and did not require advanced laboratory equipments.
The Bland & Altman's (1986) plots (Figures 1 to 3 ) and the limits of agreement demonstrate that the WHOEE gave the best estimate of WMEI. As the plots show, none of the methods gave a precise estimate of the true individual energy requirment. However, the aim was not to determine the true energy requirement value, but to place the men into energy levels which would provide them with amounts of energy adequate enough to avoid major weight¯uctuations during the intervention period. As stated by others (Sandstro Èm, 1993; Seale, 1995) , one should carefully examine the objectives of the intervention study and choose the most rational method for determining individual energy requirements on a case-by-case basis. Undoubtfully, a method like the doubly labeled water technique would have given more valid individual energy requirement data (Roberts et al, 1991; Black et al, 1993) , but such expensive and timeconsuming techniques were not realistic nor necessary to perform for the present purpose
The questions used for categorisation of the men into three different groups of activity for the calculation of WHOEE were simple to ask, and not time consuming to analyse. An alternative approach would have been to use the procedure suggested in the FAOaWHOaUNU (1985) , namely to assume only one level of physical activity (low, moderate or high) for all subjects. As a point of interest, we calculated the expected energy expenditure of a sedentary life-style among all men, de®ned as 1.556estimated BMR (FAOaWHOaUNU, 1985) . The total energy expenditure when assuming a low level of activity for all 31 subjects was slightly lower than the actual energy intake, but this was not a signi®cant difference (P 0.1). Both when assuming a moderate (1.786BMR) and a high (2.106BMR) level of activity for all men, the energy expenditure was signi®-cantly overestimated compared to the actual energy intake (both P`0.001). Several authors (Roberts et al, 1991; Goran et al, 1993; Haraldsdottir & Sandstro Èm, 1994) have suggested that the energy needs of young physically active healthy men must be considered moderate and not low as suggested by the FAOaWHOaUNU (1985) . Compared to our ®nding of a BMR-factor at 1.63, Haraldsdottir & Sandstro Èm (1994) and Roberts et al (1991) in similar studies reported higher values, 1.92 and 1.98, respectively. The higher habitual energy intakes found by Haraldsdottir & Sandstro Èm (1994) and Roberts et al (1991) leads to a higher BMR-factor and might explain this discrepancy. Also, the men in this study were heavier than those participating in their studies, giving an increased estimated BMR, and thereby a lower BMR-ratio, at a similar energy intake. A higher proportion of sedates in the present study group might also explain why the present BMR-factor was lower. Altogether, this might indicate that assuming a moderate, instead of a low level of activity, might overestimate individual energy needs among young males. However, we have previously reported (Almendingen et al, 1997) that the presence of dietary related cardiovascular risk factors among this particular group of men was higher than compared to other groups of Norwegian healthy men in the same age, and it is possible that this group of men deviated from the normal male population in other aspects as well. In any case, our results demonstrates the importance of taking individual physical activity into consideration rather than only using calculations and factors based only on body weight or BMR. 
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In agreement with others (Nes et al, 1992; Solvoll et al, 1993) and previous discussion on the matter (Bingham, 1987) , we found that the data on individual energy intake (FFQEI) was not precise. In her review of dietary assessment methods Bingham (1987) consider that FFQs were more appropriate for identifying and ranking individuals according to speci®c nutrients or particular food items, not necessarily total energy intake. Unless the dietary habits of the study population are to be investigated, it seems better not to perform a dietary survey in order to establish individual energy intakes prior to controlled dietary intervention studies. In our study a dietary characterisation of this particular group of cooks was of interest to perform (Almendingen et al, 1997) , and clearly a FFQ had to be used as this was easiest to administer, involved relatively low costs and was the least burden for the subjects.
ADEE was an individually self-reported registration of habitually performed physical activities. Although this is generally known as a time-consuming approach, individual data was collected in case they would provide better agreement with the actual energy intake than by asking the simple questions used for calculation the WHOEE. Why did this approach give less accurate results than WHOEE? A semistructural scheme of listed activities as the present activity registration scheme is not the same as a free diary, and may thus give less accurate results (Bouchard et al, 1983) . Information on the times spent in different activities and the determination of their energy cost, are based on approximate amounts of energy expended when engaged in the activities (Bouchard et al, 1983; Warwick, 1989) . Further, the present activity registration scheme does not consider time periods`30 min, and thus an energy cost value is assigned for the dominant activity of the given period. It is also possible that the present registration scheme could have been better framed. On the other hand, these men were college students in domestic and kitchen management, and were familiar with calculations of energy requirements. As the preparation of these activity registration schemes is relatively time-consuming, and it is becoming more established that individuals tend to overreport their physical activity, in particular in obese (Prentice et al, 1996) , we ®nd further support for using the procedure denoted as WHOEE when establishing approximate individual WMEIs prior to intervention studies.
Obese have been deliberately excluded as participants in comparable nutritional intervention studies (Haraldsdottir & Sandstro Èm, 1994) . Probably the problems of unintended weight loss during the intervention periods (Sandstro Èm, 1993) , dietary underestimation compared to WMEI (Mertz et al, 1991; Haraldsdottir & Sandstro Èm, 1994; de Vries et al, 1994) , overestimation of physical activity in activity recordings (Prentice et al, 1996) etc, are less pronounced when dealing with normal weight individuals. We included obese subjects because obesity was not thought be essential for the primary study (an intraindividual comparison of the effects on serum lipids and hemostatic variables of the test diets).
de Vries et al (1994) state that the feeding of diets with known energy contents provides an almost`gold standard' for determining energy intake. In accordance with this, Haraldsdottir & Sandstro Èm (1994) points out that the BMRfactor based on the WMEI is more realistic than the BMRfactor based on dietary assessment methods. Our results also indicates that WMEI was a better predictor of the`t rue' energy requirement value than FFQEI. It should be noted that participation in a controlled dietary study involves a lot of self-sacri®ce from the participants and that deviations from the test diets is hard to avoid (Holm, 1993) . The dietary compliance in this study was very good as the body weights and serum triglycerides did not change signi®cantly during the study period. The chosen levels of energy and the use of energy buns as supplements must therefore be considered as satisfactory among this particular group of men.
Conclusion
None of the three methods provided an accurate estimate of WMEI. The strait forward FAOaWHOaUNU (1985) equation based on sex, age and weight used in combination with categorisation of the individuals into different groups of physical activity (the WHO energy expenditure), gave the best prediction of WMEI. The present study demonstrates that this simple and quick low-cost method gave adequate data for providing these men with suf®ciency energy to maintain stable body weights during this dietary intervention study.
